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Abstract 
Ethanol is considered to be a promising candidate for hydrogen source. Hydrogen-rich gas with less impurity level of 
carbon monoxide and carbon dioxide is required for fuel cell applications. In a conventional ethanol processor, CO 
can be removed by water gas-shift reactors, followed by a preferential oxidation unit. Since a high content of CO2 
may degrade the efficiency of fuel cell systems, the removal of CO2 should be included in the ethanol processor to 
separate CO2 from the synthesis gas. In this study, the thermodynamic analysis of hydrogen production from the 
integration of ethanol reforming process and CO2 absorption unit is performed. The purity of H2, efficiency of CO2 
removal and heat consumption are key factors to be analyzed with regard to different key parameters. The result 
indicates that the H2 purity of 97 mol.% can be reached when the CO2 absorption unit is included in the ethanol steam 
reforming. In addition, it is found that the CO2 removal can be improved with increases of amine concentration, 
number of absorber and stripper stages, whereas increase of inlet gas temperature show the opposite trend. However, 
high energy demand is unavoidable when a number of absorber and stripper stages increase. 
 
© 2014 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of ICAE 
 
Keywords: Hydrogen production; Ethanol processor; CO2 removal; Integration 
1. Introduction 
Hydrogen is a clean and environmentally-friendly energy carrier because of its higher heating value, 
compared with other fuels. In addition, hydrogen can be used in fuel cell to generate electricity. 
Considering a hydrogen production for use in proton exchange membrane fuel cells (PEMFCs), the main 
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target is to obtain high H2 yield with low CO contamination. It is known that although a steam reforming 
requires high energy consumption, it is regarded as the most attractive fuel processing to produce 
synthesis gas with high H2/CO ratio [1-3].  
Ethanol is considered an important, renewable energy source that can be converted into hydrogen. In 
general, an ethanol processor consists of a steam reformer unit (SR) followed by high- and low-
temperature water gas-shift (WGS) reactors and a preferential oxidation unit (PrOX). The ethanol steam 
reforming reaction is carried out in SR where ethanol is changed to the synthesis gas, consisting of 
residual ethanol, CH4, H2O, H2, CO, CO2 and others. Most CO in the synthesis gas is furthered converted 
to H2 via the WGS reaction. Because the treated synthesis gas at the outlet of the WGS reactors has still 
trace CO over an acceptable level for PEMFC operation and thus, PrOX has to be added to further 
remove CO.  
Although the ethanol processing system can provide the H2-rich gas with less amount of CO, the 
synthesis gas produced is still contaminated by CO2. The direct use of the produced synthesis gas for 
PEMFC may degrade its performance [4]. Therefore, a CO2 removal process should be considered to be 
included in a fuel processor to produce pure hydrogen. At present, a CO2 absorption unit using 
monoethanolamine (MEA) as an absorbent has been received much interest because MEA is highly 
reactive with CO2 and a low cost solvent [5]. Here, the integration of the ethanol processor and the MEA-
based CO2 absorption process is investigated. A thermodynamic analysis of such an integrated process is 
performed to study effects of key operating parameters in the CO2 absorption process on the hydrogen 
production.  
2. Ethanol reforming and CO2 absorption integrated process 
Fig. 1 shows a schematic of the ethanol processor and MEA-based CO2 absorption integrated process. 
For the amine-absorption process, CO2 in the synthesis gas obtained from the ethanol reforming process 
reacts with the amine solution in the absorber. Steam in the treated synthesis is then removed and more 
purified hydrogen can be obtained. It is noted that most previous studies on CO2 capture were focused on 
the use of amine solution for CO2 separation in the flue gas of natural gas/coal fired power plants. Limited 
investigations on the CO2 capture in the ethanol steam reforming process have been reported in 
literatures.  
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Fig. 1. Schematic of the ethanol processor and MEA-based CO2 absorption integrated process 
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Fig. 2. Effects of (a) MEA concentration, (b) a number of absorber stages, (c) a number of stripper stages and (d) inlet gas 
temperature on the removal of CO2 and the heat requirement at a reboiler of the stripper column  
 
In this study, a thermodynamic analysis of the ethanol reforming and CO2 absorption integrated 
process is performed using commercial simulator software. Given operating conditions, the equilibrium 
compositions of the synthesis gas obtained from an ethanol processor can be determined by using the total 
Gibbs free energy minimization method. The Amine Property Package and the Kent Eisenberg model are 
selected for simulations of the CO2 removal process. It is noted that the Kent Eisenberg model is valid for 
the concentration of MEA below 30 wt.% MEA and the temperature below 120 oC. 
3. Results and discussion 
Under the standard conditions, the inlet molar flow rate of ethanol is one kmol/h and water-to-EtOH 
molar ratio is two. The reformer is operated at the temperature (TSR) = 800 oC and pressure (P) = 1 atm. 
Considering the hydrogen production process without CO2 absorption, the results show that the synthesis 
gas from the ethanol processor consists of 70 %H2, 7 %H2O, 22 %CO2 and others. The simulation results 
show that although an increase in the water-to-EtOH molar ratio can improve the H2 production and avoid 
the carbon formation on reforming catalysts, it leads to the higher energy demand to vaporize and preheat 
the water stream. In addition, the results reveal that the preheating temperature has an important effect on 
the heat duty. Higher preheating temperatures can reduce the heat supplied to the steam reformer. 
When the CO2 absorption unit is included in the ethanol processor, more pure H2 can be achieved (96 
mol.%). It is noted that in the CO2 removal process, a MEA concentration is 26 wt.%, a number of 
absorber stages is 10, a lean amine temperature is 40 oC, a lean amine flow rate is 45 kmol/h and a 
number of stripper stages is 15.  
Next, the influence of key operating parameters in the CO2 absorption process is examined. Fig. 2(a) 
shows the results of H2 purity and CO2 removal when different MEA concentrations in the CO2 
absorption process are employed. As expected, the H2 product stream is more purified at higher MEA 
concentration. This is because the reaction rate of MEA and CO2 is higher. From the simulation result, it 
is found that the H2 purity of 97 mol.% can be achieved when MEA concentration is reached to 30 wt.%. 
However, it is noted that when the MEA concentration is higher than 20 wt.%, it may cause a corrosion 
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problem. Fig. 2(b) shows the effect of a number of absorber stages on the CO2 removal and the reboiler 
duty at the stripper column. When the number of absorber stage is increased from 4 to 14, the contacting 
area between CO2 and amine is higher and thus, more CO2 can be removed from the synthesis gas. 
Because the MEA solution with enriched CO2 enters the stripper column to recover the MEA solution, the 
reboiler requires higher heat consumption to remove more CO2. The influence of a number of stripper 
stages on CO2 removal and reboiler duty is shown in Fig. 2(c). While the number of stripper stage is 
varied from 8 to 18, the number of absorber stage is fixed constant at 10. The results show that more CO2 
are separated from the rich MEA solution when the number of stripper stage is increased. This result is in 
turn the reboiler duty; a higher number of stripper stages result in an increase in the heat consumption. It 
is noticed that the performance of the stripper is slightly improved when a number of the stripper stages 
are higher than 15. In comparison with a number of the absorber stages, a change in the number of 
stripper stage requires lower heat consumption at equivalent CO2 removal. Finally, the impact of inlet 
temperature of the synthesis gas fed to the absorber is investigated in the range of 40 to 65 oC (Fig. 2(d)). 
The results indicate that the CO2 removal and reboiler duty are reduced when the inlet gas temperature is 
higher. This is because the exothermic reaction of CO2 and MEA in the absorber column is favored at low 
temperatures. As a result, the CO2 capture efficiency decreases with an increase in the inlet gas 
temperature.  
4. Conclusions 
This study presents the thermodynamic analysis of the ethanol processor integrated with CO2 
absorption process. The simulation results indicate that the product of H2 stream can be purified up to 97 
mol.% when the CO2 absorption unit was applied. The results indicate that the performance of CO2 
absorption process increases with increasing MEA concentration. The inlet temperature of the synthesis 
gas entering the CO2 absorber column has a significant impact on the CO2 removal; it must be kept as low 
as possible because the absorber is favored at low temperatures. Although an increase in a number of 
absorber and stripper stages can improve the CO2 removal, it demands a higher energy consumption in a 
reboiler of the stripper column for MEA recovery. As a result, the choice of operating parameters has to 
be carefully selected to optimize the CO2 removal and the rebolier duty, which is in turn the optimal 
capital and operating costs of the process. 
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